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HARDNESS OF FIVE BORIDES AT 1625° C
by W. A. Sanders and H. B. Probst
Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio

Borides of the transition metals have been the subject of several
recent research studies (refs. 1 to 5) primarily because of their high
melting temperatures and relatively good oxidation resistance. The
experiments reported herein were conducted to determine the hardness
of several borides at as high temperatures as possible with the
available equipment (1625° C).

The tested materials, which were obtained from -commercial sources,
are listed in table I. F;r the zone melted borides, a plane perpendicular
to the rod axis was metallographically prepared for hardness measurements.
Hardness tests were conducted at room temperature using a standard
microhardness tester with the Vickers (136° apex square-base pyramid)
diamond indenter and & load of 50 grams. Hot hardness was measured at
1625o C on & commercial tester in a vacuum of 5><J.O-5 millimeter of
mercury with a polycrystalline boron carbide indenter. Hot pressed
boroB carbide of 98 to 99 percent theoretical density, ground and lapped
to the Vickers configuration was employed after indenters of sapphire
and 90 percent theoretical-density polycrystalline titanium diboride
were found to be too soft and too fragile, respectively, at 1625O C.

The boron carbide indenters produced distinct hardness impressions and

suffered no observable deformation or cracking. A 2500-gram load and




a dwell time of 15 seconds were used for the hot-hardness tests. The
indentations made at 1625° C were measured at room temperature on
standard equipment.

The hardness values obtained are recorded in table I and plotted
in figure 1. The room-temperature values are the results of ten
impressions on each material. With the exception of the fine-grain-
size holmium tetraboride (HoB4), no impressions made at room temperature
encountered grain boundaries or second-phase particles. Lanthanum hexaboride
(LaBS), with a hardness of 2520 kilograms-per-square-millimeter, was the
hardest material tested at room temperature. The remaining four borides
vwere significantly softer with hardnesses in the 2140 to 2230 kilograms-
per-square-millimeter range. Literature hardness values for zone-melted
zirconium diboride (ZrBz) and niobium diboride (NbBp)(ref. 6) compare
well with the values measured here in the 2130 to 2280 kilograms-per-
square-millimeter hardness range. However, two considerably different
hardness values for hafnium diboride (HfBz) determined on different
testers (ref. 7), are significantly higher than the value measured
here (see fig. 1).

Because of the small éample diameter (= l/4-in.-diam by 0.150-in. -
thick) and the operating characteristics of the hot hardness tester,
only one impression was possible on each material at 16250 C. While
more impressions would have been desirable, those obtained here are believed
to be reliable and to give a comparison of materials because of the use
of the relatively high loading force. This high loading force minimizes
the total reading error for measuring the diagonals of the impression

and essentially eliminates any elastic recovery effect (refs. 8 and 9).



The impressions made at 1625° C on ZrB; and LaBg did not encounter
any grain boundaries or second-phase particles. Similar impressions
for HfB, and NbB, did encounter some particles of the second phase.

For HfBz, ZrBZ, and Nsz, the single grain penetrated in the hot
hardness test was large enough to allow Laue back-reflection X-ray
patterns to be obtained. These showed the polished plane to be very
close to {1120} for all cases.

As shown in figure 1, HfB2 exhibited a significantly higher hardness
at 1625o C than did the other borides, while HoB4 was by far the softest.
Also plotted in figure 1 are the reported hardnesses of zone-melted
ZrB, and HfB, on {1010} planes determined with diamond indenters at
temperatures up to 1000° C (ref. 7). Extrapolations of these plots to
the 1625o C hardness values were made disregarding the unexplained
anomalous hardness velues of reference 7 asbove 760° C. While the
extrapolations appear reasonable, they must be viewed in the light of
some qualifications. The hardness values of reference 7 were obtained
on {1010) planes with loads of 160 to 190 grams while the hardness values
reported here are for {1120} planes with a load of 2500 grams. However,
reference 7 has demonstrated that, for these borides, loads above 500
grams have no effect on the measured hardness values at room temperature,
and that, in the case of ZrB2 only a 10 percent measured-hardness
decrease was noted by increasing the load from 160 to 500 grams. No
such study has been conducted at elevated temperatures. The reference 7
hardness values were obtained with diamond indenters, which are reported

to undergo graphitization in vacuum above 900° ¢ (ref. 8) and to react



with boron sbove 900o C (ref. 10). Whether either or both of these
reactions occurred is not known, but their occurrence might explain
the anomalous results for temperatures above 760o C as reported in
reference 7. However, such anomalies were not observed for poly-
crystalline ZrB2 and HfB2 in reference 7.

In the HfB,, ZrBz and Nsz samples, some slip lines were noted
near the hot-hardness impressions. In all cases, these traces were
parallel to the [0001l] direction which suggests ‘that the active slip
plane is a plane of the [0001] zone, that is, a plane of the type
{nkie}.

REFERENCES
l. Fitzgerald, L. M.: The Hardness at High Temperatures of Some

Refractory Carbides and Borides. dJour. of Less-Common Metals,

May 1963, pp. 356-364.

2. Kaufman, L.: Investigation of Boride Compounds for Very High

Temperature Applications. Contract AF 33(657)-8635, 1962.

3. Tyrnell, M. E. and Koster, J.: Preparation and Evaluation of
the Diborides (Ti, V) By, (T4, Cb) By and (Ti, Ta) By. Bureau

of Mines BMRI 6407, 1964.

4. McClaine, L. A.: Thermodynamic and Kinetic Studies for a

Refractory Materials Program. Contract AF 33(616)-7472.

5. Emrich, B. R.: Literature Survey on Synthesis, Properties, and

Applications of Selected Boride Compounds. ASD-TDR-62-873,

Dec. 1862.




10.

. Kaufman, L. and Clougherty, E. V.: Investigabtion of Boride Compounds

for Very High Temperature Applications. Contract AF 33(657)-8635,

Semi-Annual Report no. 2, April 1963.

. Kaufman, L. and Clougherty, E. V.: Investigation of Boride Compounds

for Very High Temperature Applications. Contract AF 33(657)-8635,

RTD-TDR-63-4096, Part 1, Dec. 1963.

. Westbrook, J. H.: Microhardness Testing at High Temperatures. Proc.

of ASTM , vol. 169y May 31, 1952,.pp. 925-9286.

Grodzinski, P.: Elastic and Plastic Hardness of Hard Materials.
Nature, vol. 169, May 31, 1952, pp. 925-926.

Seybolt, A. U.: An Exploration of High Boron Alloys. Trans. ASM,

vol. 52, 1960, pp. 971-989.



‘

‘quasaxd soseyd puodas JO USYBY pnzooom ON ‘soTaTSUSD ABI-X uodn pasegd (T)

N

ey l,yc;.«ll,,y|.,;.‘.‘,',;‘.,-=Ja|=i‘,:.;,,;, _xe
, ageyd puooas TBUOTBILOY
| PITITIUSP . ‘opTa0qBIeY
GaT 022 0222 -Tun wopuey LU Lv6e 2y 9 i passaad 90H UNTUTEH
i o i o | A oTano
i SPTXOUBX3Y |
| TLS 022 0252 ageyd STJUTS | *UT S20°0 V66 2L v UMueYjueT
_ agwyd puodas TBUOCTBXSOY
POTITIUSP ‘9PTIOqTP
208 021 oP12 -Tun wopusy | Ut wﬁxna €86 L8°9 UNTAOTN
‘ o - ﬁ(‘! Nmﬂﬂm H.wﬂow.mxw.ﬂ :
puocoas gaz ‘OpPTIOqTP
| 21e OCT oLTZ2 Terowe] | “ut 8/ L 66 8T ‘9 . WNTUODITY !
i aseyd | Hwnowwxmsw
_ puos9s gJH PoqToU~-3U0Z “wcﬁhopﬁcw
” 698 002 022 JeTouwe] | “ut m\ﬁa T'L6 L8°0T uotjonpur UMTuIBH °
| PEOT. | UOTJRTASP|  DEOT :
M,awhm-oomm cadwgwpm»‘swhw 0S| i
r e ; quaoxad i
_ o) &mmmA,p axngriaduog wooy ! : ¢ £q1suop oo\sm snbTuyoay gaangonaq.s |
\ W 2218 (T) TBOTI3SI ‘fqTsuap UoTq 838410
um Wm\Mthumnwhwm AgdexBoTT8ION | ursxy =091, | PpaInsesy -BOTIqBJ| ©Pus apTIOq !
| |
SANTVA SSINMIMVH (NV GALSHL STVIMALYW - T dIdVL



E-3137

Hardness, kg/sq mm

2000

g 8 8

HfB,

ZrB, (ret. 7)-°

H

50-gram-load Vickers (Vgg) hardness values
for HfBy, ZrBy, NbB,, and HoB (see
table I) and 50-gram-load Vickers and Knoop
(Vg Kgg) values for ZrB, and NbB, (ref. 6)
NAS Vm values at 162§
values, measured on original-design tester
gy investigators of reference 7
Kgg value, measured on standard tester of
reference 7
NASA Vg value

(ref. 7)

op» DO

~—
—
———
e —

————- HfBz

—
\\\‘§
4w ~~—e_ OB
\E ZI’BZ
* NbB,
Zm -
a H034
100 | | | l | | | |
0 200 400 600 800 1000 1200 1400 1600 1800

Test temperature, °C
Figure 1. - Hardness of borides as function of temperature.



